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The observation/prediction of nonlinearities related to excitation of the plasma waves 1 in a two-dimensional electron gas ͑2DEG͒ in nanometer gate length high electron mobility transistors ͑HEMTs͒ has opened a new route to create compact solid state high frequency devices. Since the frequency of plasma waves in such transistors lies in terahertz range, 2-4 they promise a new solution in the design and fabrication of compact terahertz receivers and emitters. In principle, these transistors can be used as both emitters and detectors, and the emission/detection frequency can be tuned by the gate voltage. Until recently, most of the research was devoted to GaAs-based devices.
2-7 For example, resonant detection 8 in GaAs/ AlGaAs-based 150 nm gate length commercial HEMT devices 9 was discovered in subterahertz range, around 0.6 THz.
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The frequency of the first harmonic of plasma oscillation in gated two-dimensional electron gas can be estimated using the formula
where L is the gate length, V g labels the gate-to-source voltage, V th designates the threshold voltage, and m * is the electron effective mass.
According to Eq. ͑1͒, it may be possible to achieve f Ͼ 1 THz by decreasing the gate length and/or by using a semiconductor with a smaller effective mass.
In this letter, we show that InGaAs-based nanostructures can be a good option to reach terahertz frequencies in resonant plasma wave detection. More specifically, we demonstrate the resonant plasma detection above 1 THz range by InGaAs/ AlInAs nanometer transistors. This was achieved due to smaller electron effective mass ͑0.042m, m is electron mass͒ in InGaAs/ AlInAs in comparison to GaAs ͑0.067m͒ and the availability of facilities enabling the production of very short ͑50 nm͒ gate length for this system.
The design and the geometry of our devices are given in beam lithography. Before the Ti/ Pt/ Au gate metallization, a self-aligned recess etch was performed by a selective etching solution. The gate length and width are 50 nm and 50 m, respectively. The length of the recessed extensions at both sides of the gate ͑parts of the device which are not covered by the heavily doped cap layer͒ is 100 nm. The distance between the source and drain amounts to 1.3 m, and the 2DEG concentration is found to be about 3 ϫ 10 12 cm −2 at 4.2 K.
The samples were mounted on a quartz plate to avoid any parasitic interferences and reflections. They were then placed in a closed-cycle helium cryostat behind a terahertz radiation transparent polyethylene window. The response to the terahertz radiation was measured as a dc voltage on the open drain as a function of gate voltage. The source was grounded. The terahertz radiation was delivered from CO 2 pumped molecular terahertz laser. We used frequencies in the range from 1.8 to 3.1 THz. The incident radiation of 5-10 mW ͑depending on the emission line͒ was focused into spot of about 1.5 mm diameter, which is much larger than the gate length and width of the device. No special coupling antennas were used and the radiation was coupled to the device through the contacts pads.
The results of the response ⌬V in the InGaAs/ InAlAs transistor exposed to the radiation of 2.5 THz frequency as function of the gate voltage measured at various temperatures are shown in Fig. 2 . Above 100 K only nonresonant detection is observed as a broadband peak around 0.47 V. With the decrease of temperature, below 80 K, the additional peak appears as a shoulder on the temperature-independent background of the nonresonant detection. We attribute this behavior to the resonant detection of terahertz radiation by plasma waves.
To support this assumption, we have measured the response at different excitation frequencies of 1.8, 2.5, and 3.1 THz at 10 K.
The experimental results are displayed in Fig. 3͑a͒ . For comparison, we have plotted the estimate of the plasma frequency as a function of gate voltage obtained using Eq. ͑1͒, shown as a continuous line in Fig. 3͑a͒ . One can see that with the increase of excitation frequency from 1.8 to 3.1 THz the plasmon resonance moves with the gate voltage, in rough agreement with Eq. ͑1͒.
It is worth noting that the resonance half width of the peak for f = 2.5 THz in Fig. 3 is found to be about 60 mV ͑1.5 THz in the frequency domain͒. This value corresponds to the plasmon decay time =1/⌬f = 212 fs and quality factor 0 Ϸ 3. These values of the relaxation time and quality factor, however, are significantly smaller than those estimated from the mobility of electrons in the channel at a given temperature. Even at 60 K, electron mobility is about 36 000 cm 2 / V s, which corresponds to the momentum relaxation time of 800 fs, and the quality factor at 2.5 THz is equal to 0 Ϸ 13. The experimental width of the observed resonant peaks shows that additional mechanisms of plasma wave damping must be involved. These mechanisms might include effect related to ballistic transport 10, 11 and/or the viscosity of the electron fluid due to the electron-electron collisions.
1 In order to judge the possible applications of this kind of transistors for terahertz detection we have estimated their noise equivalent power, NEP= N / R V , where N is the noise of the transistor in V / Hz 0.5 and R V is the responsivity in V/W. The responsivity was estimated as R V = ⌬V / ͑P t S a / S t ͒, where P t is the total power of the source laser, S t is the radiation beam spot area, and S a is the transistor area including contact pads. This estimate yields the maximum responsivity, R V Ϸ 1 V / W. Since detection was measured at the zero drain current, only thermal noise N = ͑4kTR d ͒ 0.5 was taken into account for the noise estimate ͑R d is the drain-to-source resistance, which depends on the gate voltage͒. This estimate yields the minimum limit of the noise and NEP, which can be achieved if the gate leakage current and other extrinsic noise sources do not contribute to the drain voltage fluctuations. Figure 3͑b͒ shows estimated NEP as a function of the gate voltage for T = 10 K and f = 2.5 THz. As seen, in spite of the low responsivity, these detectors can have relatively low NEP.
In summary, we have produced ultrashort-gate ͑50 nm͒ InGaAs/ InP devices using conventional technological processes and demonstrated their efficient detection at terahertz 
